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(54) ANALOG/DIGITAL CONVERSION CIRCUIT 

(57) Abstract: 

PURPOSE: To obtain an A/D conversion circuit free from 
an Idle tone by constituting a sampling means of a 
multibrt analog/digital (A/D) conversion means and a 
multibit D/A conversion means and canceling a sampling 
error by a deltaAsigma modulation type A/D conversion 
means. 

CONSTITUTION: A 2-bit A/D conversion circuit 6 and a 
2-bit D/A conversion circuit 8 are used as an A/D 
conversion circuit and a D/A conversion circuit to be 
used for a loop filter for a delta/sigma A/D conversion 
circuit, and in the case of feeding back a filter output 
Y1 to the input side, a sampling error E generated in 
the D/A conversion circuit 8 Is canceled by a sampling 
error correcting circuit 3 constituted of an 1-bit type 
delta/sigma A/D conversion circuit as a basic 
constitution. Consequently a highly precise A/D 
conversion circuit 1 prevented from generating an idle 
tone at the time of no signal can easily be obtained 
without using a highly precise integrator 5. 
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1 

i:©II^J;»)±83^1©7'f;i/i'Hi*fc«gt-Sfi^^b 20 

±f3S?<bKlltfttil^© t io-ct^til $ n;fefii^Yb^ 
*±§3^1©7'f;i'^Hi:^jJ:>)Ji»U ±g37^'f i?^';!/ 

fi?{b^S!& 1 1:^)^ ^(OT^xi^^^i ^J^)\>W^^m:. 
i-^T^fiKf S» 1 ©7^;i/;J' - *y^-^Mm.T-rxi^=r 30 

±13 1 v.")) ^©T:^^^^7=-f i^^';i'^t^^©k:Ai;$ix 

±1311 1 ©7^;i/^' -i^i^-x'^iaS7':^D^^7^'f 
Si*© J; t) m^i^ns® 1 ©^-f ;i/^ai^;©a?<biSII 

±i3M^b^1tIE*g!J±^ 

fi?fb*®SVM«^b*®*f^if h©7:^otJ^5*'f 

±13^ a©?*;!/^ -i'i'v^liM7':^D^7*'f 

^'^=^tS-:Jv^T±i3^ 1 ©7 -f m:*j© 
S?fb^*fi-fetgbT±l37^>f i^^;i'v^-iJ' i: UTHi 

±§3S?^b^^fiIEa5B:^ S^b*@^& 1 V<DT^ 



i|^Pil¥ 6-5 3 83 6 
2 

1 if^j/ ^©T:^D1^^5*'f s^^';!/^!*!*©©^ 3 ©7 

ai:^ ±13^ 2 © 7 tBiJ i:©ll:0- J; D ±13 

^ 2 ©7 -f ui±f{ca«-r s«9^^b^stfttbf 

^IbMlltfttii^Si:^ 

±83fi^^b^tftai*® C J;oTt^iHi3f nfefi^bi^ll 

m^iivxmtit^ti^i^. ^sfi?{b^iii^*M^(c 

^-^s v>T±g3ll l©7'f;i'^J'tB:^K: fifi-r S fi?jb$6W 
Sfl-fei8bT±I37*'f S^irjl^m^il b-CiHA^S^Hfig 

>i^-7^;i/^' -5^i7v^^a©T:^Di}^5^'r i?i';i'^tsi 

im^msi ±iB» 1 ©fi^b^«iE#e!H:, ±l3lg 

1 ©7*;i/^-S^^v^iaM7':^Di'v=^'f i?^)V^^^&. 

(Dxtimi^^mm^ti?>T±x3vm^t^^m^m.n b-c 

J5®*ffi|g-rs» 1 ©^aS^Si:, ±33^1©7'f;i/ 

^S' m;tj{c±i3^|g(^|g» bTS«i?fe£Ei^t-a^ 2 ©«» 
*»Si:> ±f3fi^b^lltftm*IB!{cJ:oTl^ai$nfc 
i^b^fc±I3^i&©iffiSt&^» b^ ±13^ 1 © 7 'f 
tb;«jCaSf Sfi^Si^i: H b;*:& $©a^YbSi 

E^W©P«B«:g$llS] 
[0 0 0 1] 

[g*] wT©jisif-e*^iasiJira-rs. 

(1) ^1 commm mi) 

(2) m2(Dmmm (02) 

(3) flb©^fifa 
^w©ja* 

[0 0 0 2] 

t)©-r-SSo 

[0 0 0 3] 

[ti£*©fteB] ^-Bx a^®^»-^PCM (pulse code 
modulation ) :^-©^B©J;5^C7":^D1^^^s^ 

)\'mm.^m (pdm) M^fc^«ibTtB*t- 



( 3 ) 

3 

[0 0 0 4] Z.(0:i^—J^^'>y^)>^-^)\^^-i^if-^ 

t^i'jUT^vJir^^mm (WTDA^tSiilS&i:v%-5) S 

[0 0 0 5] -r^ito-feiCDfflCDAD^iiiaBSttx l^O 
!y ^gS©5=-f S^^^Wt^-^ SSJS5':^P i^a^C^ bfc 

[0 0 0 6] m^itZO CkHzD ^^®A;^T:^-Di^(g^ 
S:7^'<'s^4';i'7^-^'tc^giUfcv%®-&K:tix 10 CmhzD 

ffl* 1 1;';/ hAD^jfeiHiEssfieo-rg^b-rscifcfcj; 

[0 0 0 7] 

[«WA*fl?8ibJ;-5i:-rsSS] fcc^st-c:®;^-^^-!?- 
vru >^-7*;i/^-J^^v^|liSAD^ISi|5iE&fc:a:* 

f^l^<Jl;:s^^b^<l«*^v^i:v^■5aa■c• i t^y h^scfc 
SDA^t^lIlBS*^^£<fflv^e>^^■^:v^s>t)»^ » CMHzD i: 

^i^>i^ifi 100 cm ^£v^tgl^l^^tt3!)»->^-7'7-f ;l/^'* 

[0 0 0 81 *fe^:®ltr'>'^:&s;cD3^—/^■y■>ru> 30 
i^-7^;i/^'-^i^vaj^MADaE«lIiIIS<0J&&x 

[0 0 0 9] ^ZX'JU—y7^Ji/^\zm^i£2\fyh(0 
A D ^tSmSg^lVD A%|$l|elG&$ffl v^ % d 2: J: D 

«-&icttD A^gilHiJSt 1 6 tr^y hffla©*tSS»so 

SSSADggiftlilB&^i: bT©mK*«*fli1-Siaai)** 
ofc. 40 
[0 0 10] *^MtiW±®j;a*#iffibT55:$ti-fct)0 

©iSv^:t— -'^■y^vT''; >i^-7*;i'^'-5'^v^aiS©7' 

So 

[0 0 111 

[g|lS^II¥^1-%:l^ii>©^@] ^)C»'%§I@&|I¥%1-S:& 
^^v^lSS©T:^D^^7=-f e^^^U^I^IIlK 1 fc*iV^Tx 
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if JV$m^m 6 VT^-f ^ P ^^tft#® 8 C 

V^rm^S 1 &A:*3U ^KT:^Pi^m^S 1 KS^V^ 
T 1 ©7=;i/iJ' -i^^•x'|£S^M7':^P ^S^T^-f 
^tft*® 2 J: D a:^$*i-5^ 1 © 7 W ;i/iJ' ai;t> Y 1 ©a 

Sfi^bMMMlE^IS!3i:^(ii;l. g^^fb^HMiE^e 
3ii, fi^<b^issvis»fi^<b*ias 1 1:^/ hc^Thp 
^T^-f $;i^;i/^i^s#ia!6 AsvT^'f i>^';^7:^Pi^^gi 

#® 8 A t <t OT«iritt- S ^ 2 ©5*;!/ ^ - 5^ ^ vgESSM 

TTJ-p^T^-f e^^;i'i£«6*e!2Aitx ^K^2©7^;i/i' 

©7-f ;i/^iH;<3Y 2 i:^ 1 ©7-f ;i/iJ'tH*Y 1 i:©||^ 
J: 5» l©7'f ;i/^'ai:t»Y 1 fcmsf Sfi^^b^Q 1 

stfttb-rsfi^bmnt^ta^© 1 1 a:^ fi^b^nt^tti 

^mi lt:J;oT^ill$nfc*?{bKIIQ 1?£^1©7 
'f;i/^5'Hi:t;Yl J:D®SlU T^'f S^i'^Hg^Yi: UTHi 
*t-SIMIfig^B!i**S 1 5 i: S J: ^ Cf*. 
[0 0 12] *fc*%l§^c*;v^Ttt^ ;t->'^-y->r»;> 

SS2 Ofc::feV^Tx g^^b*©& 1 tT'i' h©T:^Pi5^7^'f 
i?9)\^mSk^WL 2 4 «® 1 ©7^;!/^' 

^v^^ST:hP^7*'f 2^^;i/iet^^©2 It. itr>y 
h©7:^Pi^7^'f S^^?;i/^tfe^ia!2 4{CA:/3$n57:^ 
Pi^<l^SA*U. aK7:^P^m^^c:S•:3v^•C^l© 
- i^if-^^mm.7-i-Xi^'r-( 2 1 

J; t)m;^^ti5^ 1 ©^'f ^i/i'tBztjOM^YbPII&iT-b 
?^UT7=-Y s^^';b7=-iJ'Yi:Ut:i±l:tj^Sfi?fb^« 

lE^^i ii-^ma. fi^biRii«riE#® 1 ttx fi9=^b¥ 

6 StFT^-f 5^ ^';i/r:>-P 8 K J:oT« 

figf -5^ 2 ©7*;i/^j' - s/^i' v^iasaT:^ p i'^j' 

^«i*®2i:, ^2©5=;i/^— >i'vggiaST:^P^7' 
-f 2 ©A;t;SStc Aitii^ns 7:hP 

^&A:^U. ^KT:hPi5^M^tca-:3V%T^l©7-f ;i/ 

bTtB*-rs«^b^ffliEgp2Ai:SWU fi?YbM 
MMlEa5 2 Att. a^b^ISS 1 bT^y h©T:hP^7^>f 
6 A{c J;oT«lfiEt-5^ 3 ©7^;i/tJ' - 

i^v^isa7':^Pii^7^'f ^^i';i/^tSi*ia2Ai:. ^gEi 

i; h ©T:*- P i^T^'f S?^ 6 A ©^ 3 © 7 'f 

ai;^ i: ^ 2 © 7 i: ©M^<t t) ^ 2 © 7 'f 
;i'cJ' m:>j{c: 4 ^b^ ?&t^ai^ S g^^b^Mfti 

m^^© 1 1 a?{b^tftm#© 1 1 t-toTt^m* 

nfcft?^<b^*^2©7'f;i/i'ttl*J:?)«gcu 
<b^liS?&fi^Sttl;*jt-«i:«Kx ^M^bW^mv^^ 
m^ta^v^T^ 1 ©7-f ;i/^lii;^{cafi-rsfi?fb^ 
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1 5 i: ife W^S <t a IC r 5 . 
[0 0 13] 

CO 0 1 4] 

[0015] (1)^1 CDI^M 

i^VAD^IftllgSSS^l/x 7';i'i'-S/ii'VAD^tfe;i/— 20 

1 

G= r 

1 - 

[0 0 19] 4fc7=;i/i'-$^i{^vAD^tSi;i/-7"7'i';i' 
^2it. iSMI§7 (Z ') iZ^-DXy-{)V^tiitlYl^ 
1 ^ u i'^S UT v;i'5=- 1: h D A^tSiHES 8 {C A 

T 4 ft iliS f s J; ^ t «: ^ n-r ^^ s . 
[00 2 0] HCCiO^^a©®^^ v;i/^tf»;/ h D A 30 

Y, = (X- (E + Y, Z-') ) 



Y, = (X-B) +Q. ( I -Z 

s. 

[0 0 2 1] ::ot§^2:ScDQ (l-z ') ttfi^^b 

[0 0 2 2] -:*f, S?Yb^MiElHlfiS3 0:^ 1 If:/ b 
D AggtftliISS AC J:oT«lJ6g$n5«iEffl7^;i'iJ' — > 
A D -Y 2 A {c J:oT A^ffiStciftjl 

jam U ;>< -f >jiaa;»/-7'cD v;i/^ t h D A^gmss 
8 (c^ t sa^bi^E t«:*J^■CV^ 

So 
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lEIDSS 3 {c .to-CMiEf 5 CI i: t J; t) T^-f S?i';j/M^Y 

UTta^-r i> <t ^ {cj&^fLT v> So 
[0 0 16] c©7=;i'^-s/i/'vAD^iSi;b— 77^^ 

[0 0 17] m^m5ii:z<D^^t:m}kX±j-t^ii. 

U ^®fiS*-7;i/5=^i;»)/bAD^tfelH]|&6l::tti!i&u-C2 
tr^y KD7W;i/i'Hi:t>Y 1 K^tSl-l-S t:56:^nTV^ 
S. 

[0 0 18] Ht:«iS-gg5H;ffl«^Scf As<Sv^S^^||J^#*s 
[^1] 



(1) 

^««His&8 fctt-«gticfi^{b^E*sfi^-rsfett)cn 

*iinfitl§9 fc^^o c:c:T-5^;i'^'-5^^'-x'AD^tfe;i/— 

rcDv^i/f^t:':; h d A^g|[iiBS8<Dffi:tj{c:fi^^b^ME 

[ac2] 
1 



*) (2) 

2 i:®M^<&®@S4 At:J;o-c*K>S. 
[0 0 2 4] ^®^«^||5A{CJ;oTll^$rJliiJ:ia 
c:Offi?& 1 tf'> bADieg||5l8S6AtJ;o-r7-f 

;i/iJ'ai*Y2fc^tfeu «»si ittH*-rs<k7fc«: 

^tlTV^So 

[0 0 2 5] c::i-c-ffiiEffl7^;i/^-i/'i/"vAD^g5;i/— 
r 7 ;p^J' 2 A©a^Yb^^S Q, if>-om»0h^ 
a©fltSli:rsi:^ eit^ttGU: (2) SC©®^i:l^ 

[|gC3] 
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1 

Y, = (S. -Y, Z-') • +0.2 

I - z-' 

« Y, =S, +Q« d-Z-') (3) 

[0 0 2 6] (3) S(;tt> iiiiT:M3irM^S [»4] 

S, =E + Yi Z-' (4) 

Y, ==Y, Z-' + E + Qe (l-Z-») (5) 

[0 0 2 7] CiZ-cmnSl Ht:>i ^ >9m.)^-:^Ti& [0 0 2 8] c:cDi:#M»Sl l.«t DtB:^$nsttMl7 
S7*;i/i'-s/4^vAD|giei;i/— 7'7'f;i/^2®7'f;i/4' 'f ;i/i'ttl*»Y30:, ifeSC 

ai:t7YlSg31lgl 2, 3 5&:frbTA* [»6] 

«iEffl7*;i'iJ' - V A D -f 2 © 

Y, =Y« -Y, Z-> 



-Yi Z-' + E + Qe ( 1 -Z 

«E4-Q, (1~Z-') 

v;i'^br>i'hDA^gS|5|K8H^^-rs 
S^^b^MEi: 1 b:^;; hAD^gi[pl8&6 At5febSS^^ 

[0 0 2 9] fi^fbKUffilElHlESS ttr ©7 -f VIZIS' 
Y 3 1 0 X 13 0«^j»a fcttM^afc ( 1 / 

Y = Y, -fYa 



■») -Y, Z-» 

• ( 6 ) 

a) © #jfemg§§l 4tcj;oT7c©:*:^gr{cMt-h aag 

2©7'f ji/i'm^Y 1 ciDg[-rs. 

[0 0 3 0] :i<otitlmn^l 5 J;t)lH*$nS7^'f 

30 [»7] 



= (X-E) +Q, (1 -Z-') 

-X + fti (1 - z-') +Clz ( 

iz^-r^^lz, 7'f;b^'tH*Yiit)gT^bPIIE*siT 

tit Hi* $ n s i: mfe 5 . 

[0 0 3 1] U*»b (7) SCt^jVATSffelCl'tiD^nS 

s. c:©fcfi>i if^y h*iC©5';i'^-S'i^vAD^Iftll 

;i,^_j,^rvAD^tS6lHlSSl &fflV^•C 1 tT';/ h*jS;©7* 
_ 4f V A D ^illilES t Ria§E©l»lt :it1fi 

[0 0 3 2] W±©^fi!c{CJ;n«> 5=;i/t5'-e^^vAD 

^tfelalESo;i'-7"7 tcffl v^ AD ^jfeiasss 



fE + Qj d-Z-') 

1 -. Z - • ) ( 7 ) 

VD A^tfellKi: LT 2 t:*:; h AD^glSESB&VD A 
^gililKS&fieffiU 7'f;i/^ai*Yl*A:*jfflSt*Sii 
^ai«lCDA^«iIlK8lC^bTVNfcS^^E* 1 
\^')^ h;&^©7^;i/^-e/i^vAD^g6lBlSS*a*^fiei: 
-r Sfi^b^fflmilK 3 fc ioTfl-^r^-r- i: «t 
Dx iS^tfi©«^S5^£fflv^s^:i:^<<tS©ii5v^7=;^ 
^ - s^^^ A D ^gSIiS&*«!^t-s § S « 

[0 0 3 3] *fcx';i/5=^hr\y h:i?S5;©7';i'^-5^^^vA 

D^«|[lIKfc:it)AD^t«IInlES^«iJ5gt-5feftl tU/h 

:^A©7^;^^'-i'i^■^AD^gl(5lESfc:^li■rv^fcT-<' H 

[0 0 3 4] (2) ^2©f|ffi0!I 
0 1 i:©«*6gU^tC|5)-^^i&f>f UTS^^ia 2 1 *iV% 



( 6 ) 
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S i ^ 1 35: $ V ^ S . 
too 3 5] CCOi:^ l®B<©7*;i/tJ'-S'^-7;i/— 7*7 

«^g§2 3T•S^^bfcm^ 1 hAD^tSl[aES2 4& 

V2|9!gcD7*;i/iJ'-s^i^v;i/— T'^a^'f;!/^ l tm^j 
J:•5lCi&$i^tv^5o 10 
[0 0 3 6] CC:T-ltr^yhAD^J^IlS§2 4CD7'r;i' 
iJ' m*/ Y 4 H:gjEI§ 2 5 S/h b-r A*;lBlI{::»a$ns 
#fcS®S2 6*^bT4Dj¥S2 7lC«fc«&*nS. ^:<0 
ilDgig2 7tt«:9-tg2 3{C?*bT2»it^te©ea^g2 

[0 0 3 7] c<0t*iPSLS2 7J;Dlti:t7$nS7*'fi? 

i^-7AD^JSillB&2 l®fi?Yb>''f.XQ4^1lPgCl,feffi[ 20 

2 3 LTM1#S©«S^§I 2 8 1 

J;?3 2tt{c{^5gUfcfi?^by'fX ( (Q3 + Q4) (1 

[0 0 3 8] cicDi:§T;i/^t^y h-v^;i/^-S/'^^vA 
D^i«6[5lgSltJ:SS?<by'fXQ3(i. tr^VhStl&ii 

■^-r^li:K:<^;t)S^^o{c^t3^j•■5Cl^:5bST•#^ isstu 
T 1 if^y b;ija;®7*;i/^'-s/ii^vAD^lfe;i/— X7>f ;i/ 
tJ' i: IslSS® fi^Mb -f XO * i: iJ^'f ^ 'i* ^ 1/ > * 
tS;*;t-5Cli:4s-C-&5o 30 
[0 0 3 9] \ik±.<Dmm^i^tl\S.. •^)\^^7.=7—VH^ 

X7-f ^■x';i/^tr^y -i^^^AD^ 

[0 0 4 0] (3) ^(omsm 

^t-^v>-Cj^'^fe*Sx *%WB:c:nK:ise>-r> 2^©l 



!ttM¥6-5 3 8 3 6 
10 

-^3^©l^$e.lC/l^$V^fit^:|9!^b•C*SV'>o C1©J; 

^ 2 A*Mfig-rs«»si5 A{cA:t;^nsm^ffl?&/jN$ 
t> ^ ■ns«s«©7';i'^ - j^is^ V A D ^jfeias&*«j5B^a 

[0 0 4 1] *fc±^E©||^EC?!If^*5V^Ttt^ v;i/^fc:'y 
h:&SC©AD^ife|5IKStFD A^i^lElISi; \.x2i:yh 
©*.©*fflv^S«-&^c:ov^■cM'^fc*». *SIWH:^:nic 
ES ^) r> 3 If ^y h UJ.±© A D ^1SII1B&'?> D A^gllHliSS 

[004 2] 

> X U > - - ^ v^^S© T^^-o i^T^'f iJ' 
;i/^lftll8&©M^b*©!Sf^t:^y h©T:^D>>'7=-f J^^J' 

^SM^^b^g!* 1 bT^/ ^©T:^D;/'7''f 

[0 0 4 3] ;in(cj:>3$!e5!5#if'y b;^SC©»?Yb*»K 
S*&fb$-&TVNfcfi^{b^*jvrt.Y^-rc:i:.*sft> l 
l^^y^:)^^^:RlgJK©*»ft*s»6^^^ 
ItST'W >©5feV%7':^Di^7='<S;^';i/gEiSlllgS 

[E(B©®*«cl5iHj] 

[HI] J: S T:*- D ^/■5='f ^l/^tfeHllS©- 

lliS0!l * Xn afe 5 o 

[02] :^^m^i.^T±vi^7''{V9}\/W^W&i<o-' 

[^?F^®8iiral 

1 v;i/5^t:';/ b7^;i/^-S/i^T-AD^glIi]BS> 2 

7=;i'^-i'iJ^-^-AD^t^;i/— X7'<;i'^J', 3 

fi^^bmHWlElHlgS. 6 hT «y h A D ^j^llei 

BS. 6 A. 2 4 lt:^ybAD^iSlllI8&, 8-vv;i/ 

^tf^/ hDA^tfe[5]g&, 8 A 1 If'^ bDAf£#l|51 

BSx 2 0 v;i/^;^7^— i>:35S;v^;i/i'->>^^AD^ 
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[Bll] 




mi 



1 m o m ^ 



( 8 ) 
[ISI2] 
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